Background: Many studies have attempted to develop relatively simple and easy noninvasive measurements of atherosclerosis (NIMA), and each NIMA assesses different atherosclerotic properties. We, therefore, investigated the association between metabolic syndrome (MetS) components and different NIMAs.
INTRODUCTION
The question of why some individuals develop early cardiovascular disease (CVD) and others do not despite the presence of traditional risk factors has initiated new research on atherosclerosis. 1) This contradiction is potentially due to genetic susceptibility, combinations and interactions between risk factors, and the duration of exposure to specific levels of these risk factors. 2) Thus, subclinical disease measurements, which represent the final result of risk exposure and genetic susceptibility, may be
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useful to improve risk stratification, therapeutic strategies, and evaluation of risk factor modification in CVD.
Several noninvasive measurements of atherosclerosis (NIMA) have been developed over the past few years to identify and quantify accelerated atherosclerosis. They are primarily used for risk stratification of individuals in order to predict CVD and in the short-term effectiveness of CVD treatment. These methods facilitate the assessment of early atherosclerotic changes such as endothelial dysfunction, arterial stiffening, and measures of arterial remodeling, which are considered surrogates of CVD and atherosclerosis. 3, 4) Atherosclerosis represents the process of arterial aging that leads to diminished elastic properties of the medial layers and increased stiffness; in addition, it represents a chronic inflammatory process that causes specific thickening of the arterial wall. Currently, some NIMA assess arterial stiffness (e.g., pulse
wave velocity [PWV] ) and reflect the structural deterioration of the arterial wall (e.g., carotid intima-media thickness [CIMT] or carotid plaques). PWV and CIMT are easy to obtain, require less training prior to application, and their results are highly reproducible; therefore, these methods have considerable research backing and clinical utility and the associated equipment is readily available for use. Co., Uijeongbu, Korea), and the measurements were carried out with the subjects dressed in a light gown and standing barefoot.
Body mass index was calculated as weight in kilograms divided by height in meters squared. Waist circumference (WC) was measured using non-stretchable standard tape in accordance with the World Health Organization protocol. 
MetS and Its Components
MetS components were assessed according to the Asia criteria of the American Heart Association/National Heart, Lung, and Blood Institute. Values are presented as mean ± SD or number (%). Carotid injury was defined as the presence of plaques or carotid-intima medial thickness ≥ 0.9 mm as measured by ultrasonography, and arterial stiffness was defined as a brachial ankle pulse wave velocity of > 12 m/ sec. A regular exerciser was defined as a person who engaged in physical activities for more than 20 minutes per session at least 3 times a week. A problem drinker was defined as a subject who drank more than 140 g alcohol per week. Carotid injury was defined as the presence of plaques or a carotid-intima medial thickness of ≥0.9 mm as determined by ultrasonography, and arterial stiffness was defined as a brachial ankle pulse wave velocity of >12 m/sec.
Statistical Analysis
MetS: metabolic syndrome, OR: odds ratio, CI: confidence interval, HDL-C: high density lipoprotein cholesterol, FPG: fasting plasma glucose.
*Based on the diagnostic criteria of American Heart Association/National Heart, Lung, and Blood Institute & waist circumference (Korean women): waist circumference, ≥90 cm for men and ≥85 cm for women; triglyceride level, ≥150 mg/dL; HDL-C, <40 mg/dL for men and <50 mg/dL for women; blood pressure, ≥130/85 mm Hg or receiving antihypertensive drugs; fasting plasma glucose, ≥100 mg/dL or receiving antidiabetic medication. In clinical practice, the fact that both measurements are derived from the same instrument is significant.
Interestingly, central obesity was associated with carotid injury but not with arterial stiffness. Obesity itself may be directly related to atherosclerosis possibly through increased inflammatory markers, which are mostly associated with regional rather than general adiposity. It may also lead to endothelial dysfunction through the development of hypertension, diabetes, and other early metabolic abnormalities such as insulin resistance and dyslipidemia. 16) Several cross-sectional studies and 95% confidence intervals were extracted after adjustment for age, sex, smoking status, regular exercise, alcohol consumption, and 4 additional components. FPG: fasting plasma glucose.
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have already demonstrated that regional adiposity is related to the burden and progression of carotid atherosclerosis, 17, 18) although the associations with arterial stiffness are inconsistent. 19) Pathophysiological processes linking abdominal adiposity to arterial stiffness are still incompletely defined. Khan et al. 20) recently demonstrated significantly higher CIMT and aortic PWV values in metabolically benign overweight/obese women than in women with normal weight after multivariable adjustment.
However, they focused on obesity as an independent factor for subclinical CVD, and their analysis of the linear regression model did not adjust for confounding components, despite significant differences noted in the subjects' general characteristics. Given that PWV heavily depends on BP, it is reasonable to anticipate that the significance in aortic PWV would be attenuated after adjusting for several MetS components, especially elevated BP.
The 2 NIMA methods used in our current study, namely, carotid ultrasonography and PWV, supply complementary information and should not be used interchangeably, 21) and it is implicit that measuring both these traits provides better characterization of atherosclerosis. Oren et al. 22) conducted a large cross-sectional study with healthy young subjects and reported that the correlation between aortic PWV and CIMT was attenuated after adjustment for clinical variables, suggesting that these 2 indices reflect different aspects of vascular damage.
In addition, Tzortzis et al. 23 2, 26) ; therefore, further prospective studies are necessary. Second, we used baPWV instead of carotid-femoral PWV (cf PWV) to assess arterial stiffness. Although cfPWV is considered the gold standard for the measurement of arterial stiffness in Western countries, 27) no single methodology is proven to be superior. Tanaka et al. 28) recently reported that the cfPWV and baPWV indices of arterial stiffness are similarly associated with CVD risk factors and clinical events. Third, the generalization of our results should be taken with caution. Since the study subjects had visited a health promotion center, they might be more health conscious and affluent than the general population usually represented in community-based studies. Additionally, the current analysis was limited to the subjects who underwent subclinical atherosclerosis test voluntarily, and selection bias could exist. Fourth, we did not test intraobserver variability between the radiologists who performed carotid ultrasonography. Finally, we were able to obtain data on the effect of a lipid-lowering agent, which could have altered the lipid profile of our subjects. However, we believe that it underestimates the metabolic effect on carotid injury, as published literature suggests that statins exert beneficial effects on carotid atherosclerosis progression rather than on arterial stiffness reduction. 29) In conclusion, elevated BP was the most significant component for arterial stiffness, whereas all other components, except for lipid profiles, reflected similar degrees of association with carotid injury. This aids in understanding the clinical relevance of discordant NIMA results and identifying individuals who are at a high risk of subclinical atherosclerosis.
